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ABSTRACT
UTILIZATION OF CRITICAL PATH METHOD 
IN THE PLANNING OF İZMİR WINERY 
WASTEWATER TREATMENT PLANT
IBRAHIM VOLKAN BODUR 
Master of Business Administration 
Supervisor : Assist Prof. ERDAL EREL 
February 1990, 80 Pages
Critical Path Method (CPM) is an economic and useful tool to aid 
managers during preparation and application of projects for 
scheduling, giving control and coordination, and solving the 
problems. In this study, CPM is applied to İzmir Winery 
Wastewater Treatment Plant. A schedule is calculated by CPM and 
its network diagram and bar chart of ,works is prepared with the 
Primavera Project Planner which-is a project management and 
control software.
Keywords : critical path method, planning and scheduling,
wastewater treatment plant.
ÖZET
îZMiR TEKEL 5ARAP FABRİKASI ARITMA TESiSiNîN 
PLANLAMA VE ZAMAN ClZELGESîNlN HAZIRLANMASINDA 
KRîTîK YOL METODUNUN KULLANIMI
İBRAHİM VOLKAN BODUR 
Yüksek Lisans Tezi
Tez Yöneticisi s Y. Doc· Dr. ERDAL EREL 
Şubat 1990, 80 Sayfa
Kritik Yai Metodu (KYM), projelerin hazırlanmasz ve uygulanmasx 
süresince, zaman çizelgesinin hazırlanması, kontrol ve 
koordinasyonun saOlanması ve problemlerin çözümlenmesinde, 
yöneticilere yol gösterici, ekonomik ve yararlı bir araçtır. Bu 
çalışmada, KYM İzmir Tekel Şarap Fabrikası Arıtma tesisine 
uygulandı. Bu projenin zaman çizelgesi KYM ile hesaplandı ve 
bunun ilişik aQı ve çubuk diagramı, proje yönetim ve kontrol 
programı olan Primavera Project Planner ile çizildi.
Anahtar Kelimeler : kritik yol metodu, planlama ve zaman
çizelgesi, pissu arıtma tesisi
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1. INTRODUCTION
1.1 AN OVERVIEW OF WASTEWATER CONCEPT
Every community produces both liquid and solid wastes. The 
liquid portion wastewater is essentially the water supply of the 
community after it has been fouled by a variety of uses. From 
the standpoint of sources of generation, wastewater may be 
defined as a combination of liquid or water carried wastes. 
These wastes are removed from residences, institutions and 
commercial and industrial establishments. Groundwater, surface 
water and storm water may be present in the composition of the 
wastewater.
If untreated wastewater is allowed to accumulate, the 
decomposition of the organic materials it contains can lead to 
the production of large quantities of harmful gases. In
addition, untreated wastewater usually contains numerous 
pathogenic or disease causing microorganisms that dwell in the 
human intestinal tract. It also contains toxic compounds and 
nutrients, which can stimulate the growth of aquatic plants. For 
these reasons, the immediate and nuisance-free removal of
wastewater from its sources, followed by treatment and disposal, 
is not only desirable but also necessary in an industrialised 
society.
The ultimate goal of wastewater management is the protection 
of the environment in a manner commensurate with economic, social 
and political concerns.
1.2 WASTEWATER TREATMENT
Wastewater collected from cities and towns must ultimately 
be returned to receiving waters or to the land. The complex 
question of which contaminants in wastewater must be removed to 
protect the environment and to what extend, must be .answered 
specifically for each case. This requires analyses of local 
conditions and needs, together with application of scientific 
know-how, engineering judgement based on past experience and 
consideration of federal and state requirements and regulations 
(18).
1.2.1 BACKGROUND
Although the collection of storm water and drainage dates 
from ancient times, the collection of wastewater can be traced 
only to the early lSC»0's (14). The systematic treatment of 
wastewater followed the developments in the late 1800's and early 
1900's. Development of the germ theory in the second half of the 
nineteenth century by Koch and Pasteur marked the beginning of a 
new era in sanitation (16). Before that time, the relationship 
of pollution of disease had been only faintly understood and the 
science of bacteriology, then at its infancy, had not been 
applied to the subject of wastewater treatment.
The treatment and disposal of wastewater did not receive 
much attention in the late 1800's, because the extent of the
nuisance caused by the discharge of untreated wastewater into the 
relatively large bodies of- water was not severe and also large 
areas of land suitable for disposal were available. By the early 
1900's, however, nuisance and health conditions brought about an 
increasing demand for more effective means of wastewater 
management. The impractability of procuring sufficient areas for 
the disposal of untreated wastewater on land, particularly for 
larger cities, led to the adoption of more intensive methods of 
treatment (11).
1.2.2 CURRENT STATUS OF WASTEWATER TREATMENT
Methods in treatment in which the application of physical 
forces predominate are known as unit operations. Methods of 
treatment in which the removal of contaminants is brought about 
by chemical or biological reactions are known as unit processes. 
At the present time unit operations and processes are grouped 
as primary, secondary and tertiary treatments. In primary 
treatment, physical operations such as screening and 
sedimentation are used to remove the floating and settleable 
solids found in wastewater. In secondary treatment, biological 
and chemical processes are used to remove most of the organic 
matters. In tertiary treatment, additional combinations of 
unit operations and processes are used to remove other 
constituents, such as nitrogen and phosphorus which are not 
removed by secondary treatment. Land treatment processes combine 
physical, chemical and biological treatment mechanisms and 
produce water with quality similar to that from advanced 
wastewater treatment.
1.2.2.1 WASTEWATER TREATMENT OPERATIONS, PROCESSES AND CONCEPTS
At the present time, most of the unit operations and 
processes used for wastewater treatment are undergoing continual 
and intensive investigation from the standpoints of 
implementation and application. As a result, many modifications 
and new operations have been developed and· implemented. In 
addition to the developments taking place with conventional 
treatment methods, alternative treatment systems and technologies 
are also current research areas.
1.2.2.2 PHYSICAL TREATMENT UNITS
Physical treatment units are screen, grit chamber, primary 
and final sedimentation tanks and each process is explained 
briefly in the following sections.
Screening : The first unit operation encountered in the
wastewater treatment plants is screening. A screen is a device 
with openings, generally of uniform size, that is used to retain 
the coarse solids found in wastewater. According to the method 
used to clean them, racks and screens are designated as hand 
cleaned or mechanically cleaned.
Grit Chambers a Grit chambers are designated to remove grit, 
sand, gravel and other heavy solid materials. Grit chambers are 
provided to protect moving mechanical equipment from abrasion, to 
reduce formation of heavy deposits in pipelines, channels and 
conduits. There are two general types of grit chambers; 
horizontal flow and aerated grit chambers.
Sedimentation : This process seperates the settlable matters
from wastewater. According to the type of biological treatment 
process, it can be replaced before and after the aeration basin.
t
The design of primary and final sedimentation tanks are similar 
and the main parameters are the surface loading and the detention 
time.
1.2.2.3 BIOLOGICAL TREATMENT UNITS
Aerated Lagoon : An aerated lagoon is a basin in which wastewater 
is treated either on a flow through basis or with solids recycle. 
Oxygen is usually supplied by means of surface aerators or
diffused-air aeration units. There are two types of aerated 
lagoons: the aerobic lagoon, in which dissolved oxygen is
maintained throughout the basin and the facultative lagoon, in 
which oxygen is maintained in the upper layer of liquid in the 
basin only.
Oxidation Ditches : Oxidation ditches are the aeration tanks 
which are usually 1.0 to 1.5 m. deep and can be constructed in 
simple masonry or earthwork as long as water tightness is
ensured. The aeration is provided by means of horizontal 
aerators.
Trickling Filters : In a trickling filter, the effluent to be 
treated is trickled through a mass of porous or cellular material 
which supports the purifying microorganisms. The filter is 
aerated mostly by natural draught but occasionally by forced 
ventilation. They are classified as low rate, intermediate
rate, high rate and super rate.
Stabilization Ponds : Waste stabilization ponds are the simplest 
of all waste treatment units. The oxygen is given to wastewater
by algae growing in it. According to the depth and functions, 
there are four types -of stabilization ponds: aerobic, 
facultative, anaerobic and maturation ponds.
Rotating Biological Contactors : Rotating biological contactors 
are continuous flow units composed of a cylinderical bottomed 
tank and a number of large lighweight discs rotating through the 
liquid. Disc diameters range from 2.0 to 3.5 m. The discs are 
partially submerged in wastewater and rotated slowly through-it.
1.2.2.4 SLUDGE TREATMENT UNITS
One of the major objectives of wastewater treatment is the 
removal of solids that otherwise might damage the water quality 
in the receiving media. These solids are generally referred to 
as sludge and exist in many forms and various quantities. The 
amount and quality of sludge depends on the method of plant 
operation.
Digesters : Untreated sludge is objectionable and must be 
stabilized to avoid disposal problems. The stabilization is 
accomplished by digesting which is a complex biochemical process 
in which several groups of anaerobic and facultative organisms 
simultaneously assimilate and break down the organic matter. The 
volume of a digester is.a function of temperature of sludge 
quantity, solid content of the sludge, contact ratio, composition 
and reaction coefficient.
Sludge Drying Beds zSludge obtained from biological treatment has 
a moisture content of nearly 95 percent. Since it occupies a 
considerable space, it should be dewatered. This can be done in 
two ways ; mechanically or in the drying beds. Mechanically
dewatering is a costly operation and requires great amount of 
sludge. Therefore, for small plants, mechanical dewatering is
not suitable.
1.3 GENERAL SPECIFICATIONS OF IZMIR WINERY TREATMENT PLANT
The name of the project is "Construction and Installation of 
Wastewater Treatment Plant for Izmir Winery". The agreement is 
made between General Directorate of Turkish Monopoly and joint 
venture companies : ACK Construction, Industry, Trading Company 
TURKEY and HYDROEXPORT Joint Company for Hydraulic Export 
Contracting HUNGARY. The date of agreement is 18.08.1989 and the 
shares of the supplies and services between the joint venture 
companies are as follows,;
ACK 59 ·/.
HYDROEXPORT 41 7.
Total cost of the project is TL 1.020.057.667 + US$ 33.292 .
1.4 ENGINEERING ASPECTS OF PLANNING WATER AND WASTEWATER PROJECTS
Feasibility studies are required to decide the area and the 
papulation to be served, the design period, the nature of the 
facilities to be provided, their location, the utilization of 
centralized treatment and points of water— supply intake or 
wastewater disposal. Few projects are fixed and straightforward 
in their possible development as to justify the adoption of a 
single design period. Optimization may be needed to determine 
the plant capacity and for the degree of treatment to be 
provided. For each stage, capacity problems and degrees of 
treatment, investment of funds and service charges must be
resolved. Uncertainties in the parameters cause problems in 
anticipating new technology and determining financing costs.
The water to be handled may vary both in quantity and 
quality and in the degree of treatment required seasonally, 
monthly, daily and even hourly. Variations in quality may be 
managed by the provision for the introduction of chemicals for 
water treatment such as coagulant filter aid polymers or 
activated carbon or in the case of wastewater treatment, by the 
use of coagulants of one type or another.
Plant siting is an important design decision, although not 
entirely independent of other considerations such as distribution 
or collection system layout or the point of water pumping or 
wastewater discharge. Foundation conditions are particularly 
important for construction. Wet sites must be dewatered and 
structures may have to be weighted down or otherwise 
structurally fitted to the hydrostatic uplift. On poor 
foundations, structures may need to be placed on piles or 
mattresses. Rocky sites may require costly excavation. Flooding 
is a common hazard, as treatment plants are often located near 
rivers that are subject to flood. Mechanization, instrumentation 
and automation are becoming increasingly appropriate for water 
and wastewater treatment works. Mechanization replaces manual 
operations and serves functions that can be performed adequately 
by hand. Instrumentation involves the monitoring and recording 
of plant flows and performance. Automation combines 
instrumentation and mechanization to affect specific controls.
Considerable attention is given to the service buildings 
required at treatment works and pumping stations. Engineers build
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offices and laboratories, washing and dressing rooms, shops and 
storerooms, utility rooms and garages as well as specific 
treatment functions such as the addition of chemicals, the 
installation of pumps and the handling of sludge. In mild 
climates, operating structures need to be protected only against 
rain and sun, while in colder climates complete handling of all 
activities is recommended.
Provisions should be made for such utilities as electricity 
for powering equipment and instruments, lighting, plant water 
supply and drainage, roadways, parking areas and walkways and 
other services.
1.5 PROJECT MANAGEMENT AND PROJECT NETWORK TECHNIQUES
Project management has become a well established approach to 
accomplish the work assignments in a project-oriented 
environment. It has created considerable interest not only 
because of its implications for organizational design but also 
because of its implications for the project managers. In a 
project—oriented environment, a considerable portion of the role 
of the project manager consists of integrating, facilitating, and 
coordinating the tasks that are essential for successful 
completion of the project.
It is obvious that network techniques are not achieving the 
results desired by the managers who introduce them even though 
the techniques appear to be well suited to the type of problem 
confronting the organization. A system should be designed in 
consultation with the prospective user paying particular 
attention to the desired output and data collection procedures.
When attempting to determine the completion date for any 
project, whether it be the building of a bridge, the mounting of
i
a sales conference, the designing of a new piece of equipment or 
any other project, it is necessary to timetable all the 
activities that comprise the task; in other words, a plan must be 
prepared. The need for planning has always been present, but the 
complexity and competitiveness of modern undertakings now require 
that this need should be met rather than just' recognized. The 
first attempt at a formal planning can be considered as project 
planning.
All projects have three dimensions —  logic, time, resources 
—  and each is equally important. To make decisions on these 
three features at one time is a hard task. The importance of 
effective project management concepts is therefore obvious.
The characteristics of effective planning : Present decisions 
affect both present and future actions. Thus, if immediate, 
short term decisions are not taken within the framework of long 
term plans, then the short term decisions may effectively impose 
some long term actions that are undesirable but inevitable. 
Project network techniques as a planning tool : The middle 1950's 
and 1960's saw an explosion of interest in the problems of 
planning and the family of methods; namely, project network 
techniques. Essentially, these techniques involve representing 
the proposed project by a diagram built up from a series of 
arrows and nodes. The original structure of the model depends 
only upon the proposed method of proceeding and it is drawn in 
such a way that the logic is easily displayed and tested.
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Once the arrow diagram is believed to show an acceptable 
logic, times are attached to the various constituents of the 
diagram. A calculation is thfen carried out to discover the total 
time for the project. If this is satisfactory then no further 
action is necessary at this stage. If the total project time 
needs be reduced, then the activities dictating this time —  
'the critical activities' —  are examined to discover whether 
they can be adequately shortened by using a different method, or 
by changing the logic of the network itself. This exchange 
between logic and time continues until an acceptable solution is 
obtained.
Broadly, there are two project network technique families, 
the activity on arrow., (AoA) family, where an activity is 
reprented by an arrow, and activity on node (AoN) family where an 
activity is represented by a box or node. These two families 
each have their own advantages and their own adherents.
Project Network Techniques can be used in situations where 
the start and finish of the task can be identified. The 
following is a brief list of some areas where Project Network 
Technique has been used to plan and control the use of time, 
resources and materials:
1. Overhaul : Plant, equipment, vehicles and buildings, both on a 
routine and an emergency basis.
2. Construction t Houses, flats and offices, including all pre­
contract, tendering and design work.
3. Civil engineering : Motorways, bridges, road programmes, 
including all pre-contract, tendering and design work.
4. Town planning : Control of tendering and design procedures and
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subsequent building and installation of services.
5. Marketing : Market research, product lauching and the setting­
up and running of advertising campaigns.
6. Ship building : Design and production of ships.
7. Design : Design of cars, machine tools, guided weapons,
computers, electronic equipment.
8. Pre-production : Control of production of jigs, tools,
fixtures and test equipment.
9. Product change over : The changing over from one product or 
family of products to another, for example, 'winter' to 'summer' 
goods.
10. Commissioning and/or installation : Power generation
equipment of all types, and data processing plant.
11. Modification programmes : The modification of existing plant 
or equipment.
12.Office procedures : Investigations into existing administrative 
practises and the devising and installing of new systems.
13.Consultancy : The setting up and control of consultancy 
assignments.
1.6 PROJECT AND SCHEDULING TECHNIQUES : PERT AND CPM
Some organisations, such as large manufacturing or
contracting firms, typically deal with projects that are large 
and complex. Other companies may have to undertake similarly 
large projects only infrequently. In a large project such as 
constructing a suspension bridge, the tremendous number of 
activities to be completed and the task of coordinating the 
people, machines, equipment and money require a structural method
of scheduling. If such a project is poorly managed, the 
resulting delays and cost overruns, which could be avoided, may 
be serious enough to offset the viability of the project or in 
fact endanger the future of the company. It is not infrequent to 
see project or company failures due to poor project planning and 
scheduling.
The manager of a large project will be interested in 
answers to the following questions:
1- How long will it take to complete the project ?
2- Which activities should be given priority if the project to 
be completed within the shortest time possible ?
3- Which activities are noncritical, such that they can be 
delayed without delaying the total project ?
4- If a deadline is set for the completion of the project, what 
is the probability of meeting the deadline ?
5- What are the flexibilities in terms of the time-distribution 
of requirements that will maintain the given schedule ?
6- If the project time is to be shortened, what is the least- 
costly way of expanding the project ?
7- At any given time, how does the actual progress compare with 
the schedule ? Is the project on schedule, behind the schedule or 
ahead of schedule ?
8- How do the actual expenditures compare with the budgeted 
amounts?
The network scheduling techniques PERT/CPM are instrumental 
in seeking answers to each of the above questions.
These tecniques were developed during the 1950's
independently of each other, in order to plan and manage projects 
of different natures. Critical Path Method (CPM) was developed 
and used as a tool for building and maintenance of chemical 
plants at DuPont Industries. On the other hand, Project 
Evaluation and Review Technique (PERT) was developed for the U.S. 
Navy to plan and control the Polaris Project (1). Originally
these two techniques differed in their orientations. Plant 
construction and maintance times were fairly stable at DuPont, 
however CPM assumed deterministic activity times and it
emphasized time cost trade offs, that is the question of reducing 
activity and project time at a minimum cost. On the other hand, 
due to uncertainities involved in a major R&D project such as the 
design and the implementation of the Polaris system, PERT had to 
allow for uncertain activity times but without any explicit 
inclusion of cost considerations. However, the distinction
between PERT and CPM is no longer important, the name project 
scheduling includes both techniques and the presently available 
computer codes allow for uncertain activity times as well as 
providing time-cost analysis.
The process of project scheduling using PERT/CPM consists of 
the following steps :
1. Divide the project into a set of mutually exclusive 
activities.
2. Determine the order of these activities, that is the 
precedence relations.
3. Assign time and/or cost estimates for each activity.
4. Draw the PERT/CPM network for the project.
5. Compute the longest path through the network, that is the
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critical path. Determine the completion time for the entire
!
project.
6. Conduct PERT/Cost analysis to crash the project if necessary.
7. Plan, monitor and control the project using the final 
network.
1.6.1 APPLICATION AREAS
Determining Project Duration : The simplest and most obvious use 
of CPIi is to find out just how long the project will take. The 
project duration can then be compared with the scheduled 
completion date, if any, to see whether or not it is acceptable. 
If the completion date is unsatisfactory, replanning may be 
required in order to shorten the job. Even if the schedule is 
acceptable, further changes may be made to reduce costs, even out 
manpower requirements, or accomplish other improvements. In all 
of these, CPU is a vital planning tool.
A rough, preliminary CPM computation during the bidding 
stage will show the contractor whether he can meet contract 
completion without incurring expensive overtime. Similarly, a 
contractor can use CPM to test the completion date that he has 
specified, since an unreasonable date will result in higher bids. 
Scheduling : CPM separates planning from scheduling. In the 
planning stage, the sequence of operations is determined. In the 
scheduling stage, actual dates are selected for each operation. 
If the completion date determined by the critical path 
computations is satisfactory, then scheduling the project may be 
proceeded.
Shortening a project : If a project completion date is not
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acceptable, there are basically three ways of shortening the 
project :
1. One way is to replan the project, using different methods. 
For example, a complete design change may be called for, such as 
a switch from steel to concrete or vice versa.
2. The second approach is to replan the sequence of operations 
so that operations formerly in series are now done in parallel.
3. The third way of shortening is to apply additional resources 
to the project to speed it up. Knowledge of the critical path 
makes it possible to concentrate this extra effort where it will 
pay off on the critical jobs.
Scheduling of material deliveries : An important use of CPM is 
in scheduling material deliveries. With a precise schedule 
developed by CPM analysis, materials can be scheduled to arrive 
within a short time before they are needed. At the same time, 
the schedule will also show when orders, must be placed for long 
lead-time items to ensure on-time deliveries.
Determining the effects of delays : Use of CPM does not end at 
the planning stage or when the schedule is complete. It is a 
valuable tool for controlling the project throughout its 
execution. CPM analysis can determine the effects of a delay in 
one or more operations on the job as a whole.
Effect of changes : With a CPM network the effect of a change can 
be precisely determined. Perhaps more important, the network 
provides graphic proof of just why a time extension is or is not 
required.
CPM as a tool in decision making : Another application of CPM is
16
in the simulation of alternate courses of action. Various:
methods may be under consideration in accomplishing some phases 
of the project. CPM provides a model of the project that is 
useful in comparing these alternatives. Examples of such choices 
might be:
1. Evaluation of proposals with different delivery dates.
2. Shall we do certain work ourselves or subcontract it ?
3. Shall we hire additional personnel, work overtime or 
subcontract ?
In design, various materials present differing problems of 
delivery, fabrication or erection times. Often, time is an 
important factor in the choice between materials or types of 
design. CPM provides an effective and realistic tool to aid in 
decisions of this type.
1.6.2 ADVANTAGES OF CRITICAL PATH METHOD
Critical path method has the potential for assisting a 
project manager in scheduling individual activities to meet long 
range organizational objectives but to do so in such a way as to 
control scarce project resourses. CPM can be shown as providing 
significant assistance in the planning and organizing functions 
of project management. CPM has the potential for significant 
benefits and application areas.
A few of the advantages of CPM are as follows:
Precedence relations : The network diagram shows the
relationships between the various jobs that make up the project 
and it shows the dependency of one job on another. Thus, it 
provides a much better picture of the job than could be attained
17
by a bar chart or any other scheduling device.
More effective planning : CPM forces the project manager to think 
the job through to completion. It demands careful, detailed 
planning. Many people feel that this fact alone justifies the 
time spent on the system.
Pinpoints problem areas :Properly applied, CPM helps to identify 
bottlenecks and potential problem areas before they occur. 
Improves communications : As soon as personnel are trained, CPM 
provides an easily understood, graphical model of the job. It 
also provides a ready frame of reference for discussion between 
the parties concerned, such as owner, contractor, engineer or 
architect and materials suppliers. This accounts for the 
effective and timely communication on job progress and control. 
Resource allocation : Through CPM, the planner can determine the 
most effective use of personnel, equipment, and other resources. 
Overtime can be reduced or confined to the jobs where it will do 
the most benefit. Undesirable peaks and valleys in manpower 
requirements can be leveled out.
Study of alternate courses of action : A powerful use of the 
method is in providing management with means of studying
different courses of action; for example, contracting out certain 
work as compared to doing the work with company forces. This 
type of study gives management the basis for making an 
intelligent choice between alternatives.
Management by Exception : By identifying the critical operations, 
CPM focuses attention on those jobs that control overall 
completion time. Further, CPM defines just how far each can slip 
behind schedule witjiout affecting the overall progress.
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1.7 PURPOSE OF THE THESIS
Construction type projects such as wastewater treatment 
projects that are defined in the section of Wastewater Treatment 
(Treatment, Operations and Concepts) are comprised of a number 
activities. In order to give the coordination and control 
facilities to the project manager to complete the construction of 
the project on time and to identify the bottlenecks and potential 
problem areas before they occur, the utilization of CPM in the 
project schedule is very useful and economical. To give a
specific e^:ample, CPM is applied to Izmir Winery Wastewater 
Treatment Plant. The purpose of this thesis is to show how CPM 
can be applied to a given project schedule for Izmir Winery 
Wastewater Treatment Plant.
1.8 OUTLINE OF THE THESIS
This chapter has explained wastewater treatment and its 
aims, the definition of project management, and project 
scheduling techniques and application areas. In the second 
chapter the literature survey related to the subject, in the 
third chapter, useful terms and their definitions in the
application are defined and project calendar, activities and 
their estimated durations are specified. Discussion, conclusion 
and recommendations are given in the fourth and fifth chapters.
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2. LITERATURE SURVEY
Project planning is a new area for construction technology. 
This enables the project planner to plan a job, inputting the 
work that has to be started on a particular material, plant and 
labour. It also shows which job is dependent on which job and 
what effect a delay in one area will have on the entire project 
(9) .
Network techniques, such as CPM and PERT have the potential 
for assisting a project manager in scheduling individual 
activities to meet long range organizational objectives in such a 
way that they can control scarce project resources. The 
techniques can be shown as providing significant assistance in 
the planning and organizing functions of project management (3).
The first studies of a network related technique dates about 
1950's. Critical Path Planning and Scheduling (CPPS) by Kelly 
and Walker (10), was presented in December 1959 at the Eastern 
Joint Computer Conference. In 1956, the E.I. DuPont de Nemours 
Company set up a group to study the possible application of new 
management techniques to the company's engineering fuctions. One 
of the first areas considered was the planning and scheduling of 
construction projects (13).
At about the same time, the U.S. Navy was involved in 
developing the Polaris system. The magnitude and urgency of this 
project led to the creation of project PERT in U.S. Navy. 
According to Malcolm et al (8), Project Pert was set up as a 
three phase program:
1- To perform an operations research study leading to the
design and feasibility test of an evaluation system.
2- To make pilot application of the system in selected 
areas.
3- To implement the system to applicable parts of the 
Polaris program.
Emphasis мае on evaluation and review of existing plans in 
assessing the ability to achieve various milestones in the 
project rather than the creation or optimization of plans. PERT 
gave the management of the project the confidence and insight 
to make decisions which permitted a reduction in time.
Critical Path Technique was chosen as a unique name for 
versions similar to PERT and CPPS which use single time 
estimates and have no time-cost trade-off capabilities (19).
Project management in the 1980's differs from that twenty 
years earlier insofar as it generally demands broader and more 
senior management skills than it did before (12).
Cost Control has become so essential, according to one 
builder that it is usually more important to stay within the 
budget rather than to meet the deadline (9). So, to effectively 
start a project and produce useful results, you need an estimate 
that accurately gauges total project cost (5).
In most traditional organizations, the need for project 
mahagement is first recognized by those functional, resource or 
middle managers who have identified problems in allocating and 
controlling resources. Many upper level managers feel that 
project management can be forced upon lower level subordinates 
through simple directives. This turns out to be a significant
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turning point in the implementation phase (7).
In a project-oriented environment, a considerable portion of
t
the role of the project manager consists of integrating,
facilitating and coordinating tasks that are essential for
successful completion of the project. It is necessary for
him/her to move across various functional areas and disciplines 
to obtain services and resources from project personnel over whom 
he/she has little or no formal authority (4).
CPM and PERT offer project managers, methods of controlling 
increased project complexity , voluminous amount of data, tighter 
time deadlines and limited manpower, material and capital 
resources.
The introduction of electronic spreadsheet packages has
provided construction contractors, owners and managers with a 
management tool that can be applied to a wide range of
construction related problems (2). The development of 
microcomputers is changing the nature of common construction 
management function. The management of construction operations 
requires three basic functions* estimating, scheduling and cost 
control. If properly used, microcomputers are valuable tools 
that help in performing these functions (17).
Commercially available software programs have taken
advantage of the increased capability of computer hardware to 
reduce many of the early constraints of data and data 
manipulation (15).
A major advantage of using spreadsheet software to develop a 
project management application program is the ability to tailor 
the spreadsheet to the format that the user desires. Another
22
advantage is that there are a large number of special purpose 
spreadsheet software systems. The advantages of using spredsheet 
software is the relative complexity of macro programming and a 
lower speed of execution than some of the sophisticated 
commercial project management systems (6).
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3. APPLYING CPM TO IZMIR WINERY WASTEWATER TREATMENT PLANT 
PROJECT
3.1 DEFINITIONS
The terms and their definitions used in the computer 
application and reports are as follows:
Activity : An operation or process consuming time and possibly 
other resources.
Critical Path : That sequence of activities which determines the 
total time for the task.
Dummy : A logical link, a constraint which represents no specific 
operation. It is an activity that absorbs neither resources nor 
time.
Duration : The estimated or actual time required to complete an 
activity.
Earliest Event Time (EET) : The earliest time by which an event 
can be achieved without affecting the total project time or the 
precedence relations of the network.
Earliest Finish Time of an Activity (EFT) : The earliest possible 
time which an activity can finish without affecting the total 
project time or the precedence relations of the network.
Earliest Start Time of an Activity (EST) : The earliest possible 
time which an activity can start without affecting the total 
project time or the precedence relations of the network.
Float : A time available for an activity or path in addition to 
its duration. It is the difference between the time necessary 
and the time available for an activity.
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Latest Event Time (LET) : The latest time by which an event can 
be achieved without affecting the total project time or the 
precedence relations of the network.
Latest Finish Time of an Activity (LFT) : The latest possible 
time which an activity can finish without affecting the total 
project time or the precedence relations of the network.
Latest Start Time of an Activity (LST) : The latest possible time 
which an activity can start without affecting the total project 
time or the precedence relations of the network.
Network : A diagram representing the activities and events of a 
project, their sequence and inter-relationships.
Precedence Diagramming : Networking system where an activity is 
represented by a node and dependency is shown by an arrow. At 
least three types of dependency can be shown, each having 
different locations and the associated nodes:
Normal (N)— the start of an activity depends upon the finish of 
its predecessors.
Finish-to finish (F)- the finish of an activity depends upon the 
finish of its predecessors.
Start-to start (S)- the start of an activity depends upon the 
start of its predecessors.
Slack : Latest date of event minus earliest date of an event.
3.2 PROJECT CALENDAR
Project calendar defines the available workdays given by the 
management to the contractor. According to the agreement made
tbetween the joint venture companies and Turkish Directorate and 
Monopoly, 300 workdays is the duration of the project. For most
of the treatment plant projects, it is about 300, 540 or 720
workdays. The duration -of 300 workdays is valid under no 
financial problems and/or unexpected disasters during the
completion of the project. The start date of the project is 
specified as September 1 1989 and due date as July 1 1990. During 
the construction of the project, 7 workdays in a week with 
January 1 1990 and February 28 1990 as holidays, are given in 
the specifications.
In the following section, the project activities and their 
estimated durations are specified.
3.3 SPECIFYING THE PROJECT ACTIVITIES AND THEIR ESTIMATED
DURATIONS
A total number of 127 activities and 208 relationships are 
specified. The activities are shown on schedule reports in 
Appendix B with their relevant predecessors and successors. The 
durations of the given 127 activities and precedence
relationships are estimated according to the Provincial Bank's 
criteria and working schedule programs of similar type of 
treatment projects with respect to their capacity, duration and 
technological features.
While developing the project plan, the total project was 
broken down into 127 individual activities. Each of the 
activities represents a task to be accomplished and was 
identified by an activity name. The following questions are 
aske to place an activity in its right position:
-Which predecessor activities must be completed in order to start
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the activity ?
—Which activities can be done parallel to the activity ?
—Which activities can not start before the completion of the 
activity ?
According to the answers to these questions, precedence 
diagram for the project was prepared. The precedence
relationships of activities were defined as a Normal (N) or a 
Start-to—Start (S). The remaining activities were defined as 
Finish-to-Finish (F). During the first execution of the project 
planning, delays could not be included within the activity 
durations. During revision stage of the project planning, these 
delays and other constraints could be considered.
In Appendix B, a. project schedule report displays the 
detailed predecessor and successor activities for each activity 
in the project schedule. The activity title, the estimated 
duration, its predecessors and successors, lag times and its 
precedence relationships can be seen easily. Following titles 
are used in the presentation of precedence relationships;
” PRED ■· is the predecessor activity 
" SUCC '· is the successor activity
'· * ” indicates, a critical relationship between an activity and
its predecessor or successor.
In numbering activities, the following rules are followed.
-Activity should be unique.
-The number of the end activity should be greater than the 
number of the beginning activity.
-Gaps should be left in the sequence of activity numbering in 
order to allow for subsequent insertion of activities.
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3.4 SCHEDULE REPRESENTATION
After the activities’, their precedence relationships and 
activity durations are specified, the planner can begin to 
schedule activities by using the project calendar. In this
thesis, the schedule calculations were done by the use of the 
Primavera Project Planner. For each activity, early and late 
start and finish dates were scheduled. All scheduled activities 
are shown on schedule and bar chart reports in Appendices.
3.5 CRITICAL PATH IDENTIFICATION
After the early and late event times for each activity were 
calculated, the schedule reports were prepared. The schedule 
reports show early start, early finish, late start, late finish 
and total float of each activity. Total float for an activity 
represents the total number of days the activity can be delayed 
without delaying the total time of the project.
Critical activities determine the total time for the task. 
They constitute the longest path in the project, which defines 
the expected completion time of the project. The activities in 
the critical path have all zero floats whereas noncritical 
activities have positive float, as there is either a slack or 
flexibility in their starting dates.
Non-critical activities have positive float in their 
starting dates. Although these activities do not determine the 
critical path, lack of progressing in these activities beyond 
their floats can turn them into critical activities.
In this thesis twelve activities which constitute the
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'critical path' are 'Order to Begin Work', 'Work Scheduling and 
Project Planning', 'Predesig and Process Calculations', 'Final 
Design and Process Reports', 'Actual Beginning to Work', 
'Anaerobic Digester Tank Construction', 'Anaerobic Digester Tank 
Mechanical Installation', 'Anaerobic Digester Tank Electrical 
Installation', 'Setting to Work', 'Temporary Acceptance', 
'Allowance For Completing Unfinished Works' and 'Final Acceptance 
of Treatment Plant'. As any delays in one of the critical 
activities shall delay the completion time of the project, 
special care should be given by the project manager.
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In this thesis, CPM is applied to Izmir Winery Wastewater 
Treatment Plant which has a capacity of 500 m-3/day. In the
study, the project was broken down into 127 activities with 208
relationships. Each activity with an activity title represents 
a task to be accomplished. The relationships between the 
predecessors and successors were classified into three types; 
Conventional (C), Start-to-Start (S) or Fin,ish-to-Finish (F). 
After the scheduling of the project, critical activities, free 
float and total float of the activities were calculated. The 
activities having zero float were defined as critical activities. 
In this study, the activities that are found to be critical are 
Order to Begin Work, Work Scheduling and Project Planning,
Predesign and Process Calculations, Final Design and Process
Reports, Actual Beginning to Work, Anaerobic Digester Tank 
Construction, Anaerobic Digester Tank Mechanical Installation, 
Anaerobic Digester Tank Electrical Installation, Setting to Work, 
Temporary Acceptance, Allowance For Completing Unfinished Works 
and Final Acceptance of Treatment Plant. Critical activities 
found in this study are unique for this treatment plant. They 
change according to the capacity, time constraints and other 
specifications of a treatment plant. In this study, time is the 
major constraint and according to the other specifications, 
'Anaerobic Digester Tank Unit' related activities were critical 
activities. These critical activities should not be delayed, as 
any delay in these activities should delay the completion date of 
the entire project. On the other hand, activities with free
4. DISCUSSION
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float or total float can be delayed according to their floats. 
The activities that have free floats, total floats and zero 
floats are given in Appendix B.
As the activities require time and other resources such as 
manpower, machine, equipment and cash flow, the project manager 
can transfer the necessary resources to the critical activities 
from the non-critical activities if a delay occurs in the 
critical activities. With the help of the schedule, the project 
manager can closely monitor the critical activities in order not 
to allow any delay of the entire project. Therefore, the 
schedule can be very helpful in the planning stage of resource 
allocation among the activities. During the execution of the 
project, this schedule can be revised. If a delay in a critical 
activity results in delaying the whole project, this can be 
corrected by transfering resources from other non-critical 
activities. From this point of view, this study is not only 
useful in the planning stages of the projects, but it can also 
help the operational decisions made frequently.
Free float activities can be delayed without delaying the 
early start of the successor activities. The free float in an 
activity can be used without affecting any other activity in the 
network. This fact can be used to shift the resources from the 
free float actvities to the critical activities in order to 
implement the duration of the entire project.
The total float activities can be delayed in accordance with 
their succeeding activities which have free floats. In a certain 
path of activities, each activity has the same total float. In 
order not to delay the completion date of the entire project, the
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total float can be used between the activities which have the 
same total float. If the'total float is used completely in the 
chain of same total floats, then this chain of activities become 
also critical.
We have applied CPM to, Izmir Winery Wastewater Treatment 
Plant. The project was broken down into 127 activities with 208 
relationships. For each activity, early and late start and 
finish dates were scheduled with the help of Primavera Project 
Planner. After scheduling the project, critical activities, free 
and total float of the activities were calculated. Twelve 
activities were found to be critical activities with zero floats. 
These critical activities play an important role in the 
completion of Izmir Winery Wastewater Treatment Plant Project 
within the desired scheduled time. As the Anaerobic Digester 
Tank Unit is found to be in the critical chain of the activities, 
the activities related to the construction and installation of 
Anaerobic Digester Tank Unit should be cared during the 
construction stage.
This study offers the following advantages to the project 
manager in Izmir Winery Wastewater Treatment Plant Project :
-The project scheduling is done by selecting actual start 
and finish dates for each activity. As the completion date 
computations determined by the critical path computations are 
realistic, the project manager can use this schedule.
-According to possible new'Constraints and delays, the 
activities that require more resources can be monitored easily.
-As there are many material imports in this project, 
scheduling of material deliveries is another important aspect of 
the results.
s. CONCLUSION
-CPM does not end after the schedule is completed. CPM 
sensitivity analysis can determine the effects of a delay on the 
job as a whole.
-The Network Logic Diagram provides a formalized procedure 
of analyzing the effect of a change in the project.
-The potential problem areas can be understood easily from 
the schedule according to free floats and total floats.
-This schedule provides a ready frame for discussion between 
owner, contractor, engineer, architect and materials suppliers 
which accounts for the effective and timely communication on job 
progress and control.
-This study enables the planner to determine the most 
effective use of personnel, equipment and other resources. It 
also helps to level out the manpower requirements.
The realism of this project depends heavily on the 
estimation of the activity durations. In order to estimate the 
activity durations realistically, the man-hour standarts should 
be used for cost analysis in a construction firm and each firm 
should form its own standart values. Otherwise the estimated 
durations and the schedule will not have any validity. So, the 
validity and advantages of planning and scheduling with CPU 
depends on the realistic values of activity durations and 
precedence relations.
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CHARACTERISTICS OF PRIMAVERA
APPENDIX A :
Primavera is a complete planning and scheduling tool for 
project managers which helps to evaluate and analyze schedules 
and resource requirements for all types of projects.
The Primavera Project Planner is a comprehensive project
management software system that gives managers complete 
control over large and small projects. Its extensive 
capabilities include critical path scheduling, resource 
allocation and levelling and cost control.
The Primavera Project Planner is a fully interactive,
command driven software. It features an advanced data entry mode 
for easy input and updating of large and complex networks. It
also handles single and multiple projects containing up to 10,000
activities. Some of the more important features are given below. 
Scheduling
-Utilizes Critical Path Method for scheduling.
-Supports two types of schedule calculation logic ;
Progress Override 
Retained Logic
-Analyses and detects open ends and an activity loops prior to 
scheduling.
-Target planning fully supports perfomance measurement.
-Activity coding for organization project data such as 
responsibility assignments and breakdown structures.
Resource Allocation and Leveling
-96 resources per project and 6 per activity
-Calculates and levels resource usage, simplifying resource 
smoothing and alleviating conflicts.
-Allows resource unit prices to vary over time account for 
inflation.
Cost Control
-Automatic costing of resource usage.
-User definable calculation of resource units and costs when 
updating.
-Computes earned value for performance measurement.
Additional Features
-On-screen tabular view of activity schedules.
-On-screen bar charts, resource/cost histograms and cumulative 
curves.
-Extensive custom reporting capabilities, including
comprehensive selection and sorting of project data.
-Data export to Lotus 123, Dbase III, ASCII file and other 
spreadsheet/data base packages.
-Features advanced data entry mode for automated input and update 
of repetitive or large networks.
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PROJECT SCHEDULE WITH DETAILED PREDECESSORS AND SUCCESSORS
This report displays the detailed predecessor and successor 
activities for each activity in the project schedule. In the 
presentation of predecessor and successor activities following 
codes are used :
PRED is the predecessor activity 
SUCC is the successor activity
* indicates a critical relationship between an activity and its 
predecessor or successor.
APPENDIX B 1 :
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APPENDIX B 2 :
PROJECT SCHEDULE SORTED BY EARLY START AND TOTAL FLOAT
This report displays the activities that are sorted by Early 
Start and Total Float in the project schedule.
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APPENDIX C :
WEEKLY BAR CHART WITH TWO BARS
This bar chart displays the activities that are sorted by early 
start and then total float. Each activity is indicated within 
two different bars. One bar represents early dates and other one 
late dates on the different line.
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APPENDIX D :
NETWORK LOGIC DIAGRAM FOR CRITICAL PATH
This report displays the network logic diagram that shows the 
path of activities having total float equal to sero. Each 
activity along the float path is portrayed by a boj-c containing 
the abbreviation that are in the following.
QD is original duration
RD is remaining duration
PCT is schedule percent complete
ES is the early start date
EF is the early finish date
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VITA
Ibrahim Volkan Bodur, born on 13th of September, 1967 in Ankara, 
has a BSc degree in Civil Engineering from Middle East Technical 
University- He worked in ACK Construction Co. during the MBA 
programme of Bilkent University.
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